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The primary aim of this study was to determine changes in serum
components during the development of high blood pressure (hypertension).
One group of young Sprague-Dawley rats (120-160 gm) were made
hypertensive by the use of the drug, 5-hydroxytryptamine (5-HT) in con¬
junction with the hormone, estradiol benzoate. In a second group (150-
165 gm), hypertension was induced by salt-loading after unilateral
nephrectomy. The drug treated rats received four Intraperltoneal in¬
jections of 5-HT (50 mg/Kg body weight) in physiological saline and, at
the same time, four injections of estradiol benzoate (0.4 ug) in sesame
oil at regular intervals. The control rats received four injections of
saline and sesame oil. Sodium chloride (1.0%) was made available as
drinking water ^ libittim. In the salt-loading experiment, the right
kidneys were removed and sodittm chloride (1.5%) was given to the ex¬
perimental rats to drink while tap water was given to the controls.
Periodic determination of the blood pressure, fluid intake, and urine
output showed that both the 5-HT rats and the salt-loaded rats had
ili
significant increases in blood pressure, fluid intake, and urine output
than control groups. The control groups in both experiments gained more
weight than the experimental rats. The 5-HT rats became hypertensive
(blood pressure above 150 mm Hg) between the 20th and 45th day while
the salt-loaded rats became hypertensive between the 10th and 50th day.
Studies on serum chemistry showed that there was no significant
difference between the blood urea nitrogen (BUN) and total protein of
5-HT rats and their controls while the salt loaded rats had significantly
lower BUN and total protein than the controls.
The results of this study show that the 5-HT rats were able to
regulate excess saline which enabled some of the serum constituents to
remain within normal limits. The results also show that salt-loaded
rats can tolerate the development of hypertension by lowering the con¬
centration of the BUN and total protein thereby decreasing the osmotic
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There is clinical evidence that the kidneys are diseased in many
cases of hypertension, particularly where the hypertension has persisted
for a long period of time (Blalock, 1940). High incidence of kidney
lesions was reported by Hall e^ al. (1972) in deoxycorticosterone
treated and unilaterally nephrectomized rats when given 1% saline to
drink. This finding suggests that a large intake of sodium chloride
enhances renal hypertension.
Renal hypertension in several experimental forms is a gradual pro¬
cess, therefore, changes in certain serum components can be followed
during the developmental process (Douglas, 1964; 0'Steen et al., 1967;
Hall ^ al., 1972; Swales et al., 1973).
Bell ^ al. (1965) reported that the regulation of serum albumin,
alpha and beta-globulins depend on the rate of synthesis by the plasma
cells in the spleen, liver, and lymph nodes. They also suggested that
urea regulation is brought about by passive diffusion, urine concentra¬
tion, and the rate of blood flow.
Information dealing with the regulation of the above mentioned
serum components is scarce and hence the present study was designed to
investigate the level of these serum components during the development
of two types of renal hypertension. The first type was induced by
unilateral nephrectomy followed by salt-loading (Douglas, 1964; Conway,
1969). The second type was induced by the use of the drug.
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5-hydroxytryptamine (5-HT) in conjunction with the hormone estradiol
benzoate. According to (0*Steen et al., 1967), 5-HT will lead to a
severe renal cortical necrosis.
Most studies involving hypertensive disease evaluated the degree
of renal excretory failure. Unfortunately, these findings occur late
in the course of the disease when they are of less practical use.
Therefore, this study was designed to ascertain the possibility of
detecting some physiological changes that could be used for pre¬
diagnostic purposes. Moreover, a comparative study of the two types
of hypertension was considered.
CHAPTER II
REVIEW OF LITERATURE
Studies on serum composition show that albumin maintains proper
water balance between the blood and tissue fluid. This is accomplished
by maintaining a proper osmotic relationship on either side of capillary
membranes. In addition, all of the serum proteins produce a viscosity
in the blood most favorable for the maintenance of blood pressure at a
normal level (Hoar, 1966; Pace ^ , 1967; Weber, 1965).
The synthesis of serum proteins is therefore regulated effective¬
ly in order that the concentration in the blood is kept within narrow
limits. In Buffalo rats for example, Schreiber ^ (1971) found that
the half-life of albumin was 2.66 days and the rate of synthesis was 20.1
mg per day per gram of liver. The liver also sjmthesizes alpha and
beta-globulins and, in addition to the viscosity they produce, are also
involved in the transport of lipids, sterioids, iron, and copper. The
gamma-globulin is produced by the plasma cells of lymphoid origin and
it is closely associated with antibody production (Weber, 1965;
Schreiber ^ al., 1971).
In addition to the serum proteins, blood urea also has osmotic
properties. Some of the urea that is excreted will be reabsorbed back
into the blood from the renal tubules and, according to Bell ^ al.
(1965), the rate of "back diffusion" of urea is Inversely related to
the urine flow. In other words, the elimination of urea from the body
3
4
is least when the urine is most concentrated and the flow along the
tubules the slowest.
From a search of the literature, information dealing with changes
in serum components such as total protein, protein fractions, and blood
urea nitrogen (BUN) during the development of hypertension is very
scarce. However, since Bell et al. (1965) stated that the capillary
membrane is not completely impermeable, movement through the membrane
of low molecular weight organic materials is possible. In addition, the
elevation of blood pressure has been reported to alter the permeability
more in the following ways: increase in filtration, direct mechanical
effect of vessel distension on endothelial cells and junctions, disrup¬
tion of the media by excessive interstitial permeation by debris and
blood constituents, and direct mechanical damage to smooth muscle cells
(Duncan et al., 1962; Glagov ^ al., 1961).
Despite membrane alteration in hypertensive rats, Hall ^ al.
(1972) reported that there was no significant difference in the total
serum protein between the hypertensive Sprague-Dawley and Long-Evans
rats and their controls when hypertension was induced by deoxycorti¬
costerone acetate. In contrast, the BUN was merely elevated in hyper¬
tensive Sprague-Dawley rats, the value being significantly higher than
in either the hypertensive or normal Long-Evans rats. The BUN level
most probably varies between individual rats depending on the technique
used to induce hypertension. Contrary to the report of Hall et al.
(1972), Glagov et al. (1961) reported that there was no significant
change between the BUN of hypertensive unilaterally nephrectomized
Sprague-Dawley rats and their controls.
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From the above reports, there appears to be a regulatory mechanism by
which the hypertensive animals tend to maintain a normal level of both
the serum protein and BUN. For example, the elevation of blood
pressure leads to an increase in the capillary membrane permeability
and this is followed by an increase in the urinary protein excretion
(Esterly and Glagov, 1963; Wiener ^ , 1969; Huttner , 1972;
Gore ^ al., 1972). Since the condition of protein excretion may per¬
sist for years (Davidsohn and Wells, 1966), the survival of the hyper¬
tensive animals is dependent upon the regulation of serum components
such that the biochemical activities of the animal are not seriously
affected. Huttner et al. (1972) reported that the junctional passage
and vesicular transport of protein tracers through the endothelium are
regulated by Intraluminal pressure. Therefore, as the blood pressure
increases, a greater amount of plasma protein will move across capillary
junctions which causes an increase in urinary protein. The compensation
for the protein lost in hypertensive animals may be achieved in a manner
similar to the condition reported by Reeve and Roberts (1959) whereby
healthy animals maintain a steady state level of serum protein primarily
by means of a regulated rate of synthesis.
CHAPTER III
MATERIALS AND METHODS
Male Sprague-Dawley rats (Rattus rattus) obtained from Carworth
Farms, New City, New York, were used for this investigation. A bal¬
anced diet of Purina rat chow and water were made available ^ libitum.
The rats were housed in plastic cages in an animal room in which the
temperature ranged between 68F and 80F.
Blood pressures were measured and recorded with the following:
a programmed electrosphygmomanometer, pneumatic pulse transducer, rat
holder, and a physiograph. These instruments were purchased from Narco
Bio-Systems Inc., Houston, Texas.
A Beckman model-R paper electrophoresis chamber and an Analytrol
(densitometer) obtained from Beckman Instrument Company, Atlanta,
Georgia were used for the separation and analysis of the serum protein
fractions respectively.




The right kidneys of 19 rats (weighing between 150 gm and 165 gm)
were removed. Twelve of the 19 rats were given 1.5% sodium chloride
solution to drink while the remaining 7 controls were given tap water




Nine male rats (weighing between 120 gm and 160 gm) were given in-
traperitoneal injections of 5-hydroxytryptamine (5-HT) (50 mg/Kg body
weight) dissolved in physiological saline and subcutaneous injections
of estradiol benzoate (4.0 ng in 0.1 ml sesame oil) at the same time
intervals. Five control rats were given intraperltoneal injections of
physiological saline (0.1 ml/Kg body weight) and 0.1 ml sesame oil
subcutaneously. All animals were given 1.0% sodium chloride solution
to drink in order to facilitate the development of hypertension. The
injections were given on the 1, 10, 20, 33, and 36 days of the experi¬
ment respectively (O'Steen et al., 1967).
Water intake and urine output measurement.
Twenty-four hours before measuring the blood pressure, all experi¬
mental and control rats were transferred to metabolic cages (two rats
per cage). Water intake and urine output from 12:00 A.M. to 12:00 P.M.
were measured for both the experimental and control rats.
Blood pressure measurement.
After weighing, each rat was put in a rat holder equipped with a
warming system for about five minutes before taking the blood pressure.
This was necessary in order to increase circulation of blood in the
caudal artery. Blood pressure was measured from the tail region using
a programmed electrosphygmomanometer in conjunction with a pneumatic
pulse transducer. The mean of three recordings was taken to determine
the blood pressure for each rat.
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Collection of blood.
Blood was collected into non-heparinized capillary tubes after blood
pressures were taken by puncturing the caudal artery with a sharp razor
blade. The blood was allowed to clot for about 30 minutes and then cen¬
trifuged. The supernatant serum was stored in a freezer and later used
for analysis as described below.
Determination of total protein.
The Biuret method was used for this determination. The Biuret re¬
agent was prepared according to the method used by Bradshaw (1966);
cupric sulfate (3.0 gm), sodium potassium tartrate (12.0 gm), and
sodium hydroxide (60.0 gm), were dissolved in about 500 ml of distilled
water in separate containers. The sodium potassium tartrate was then
added slowly to the cupric sulfate, followed by the sodium hydroxide
with constant shaking. The reagent was then diluted to two liters with
distilled water.
By means of a micro-pipette, 0.1 ml aliquots of serum were trans¬
ferred to tubes; 4.0 ml of Biuret reagent was added, mixed, and allowed
to stand for 30 minutes. The blank was made by using distilled water
instead of the serum. The optical density was measured with a Spectron-
ic-20 spectrophotometer set at a wave length of 540 nm. The total
protein was calculated in grams per 100 ml of serum.
Determination of protein-fractions by paper electrophoresis.
A Beckman model-R paper electrophoresis instrument was used for
the separation of the serum proteins into fractions. Six microliters
of serum was transferred to the sample applicator and subsequently.
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the sample was applied to the paper strips. Separation was allowed to
proceed through a barbital buffer (pH 8.6) for 16 hours. The paper
strips were removed from the electrophoresis chamber and dried in an
oven for 10 minutes at about 60C. The protein bands were developed in
bromphenol blue for 30 minutes, fixed in 5% acetic acid, and washed in
three changes of 5% acetic acid (6.0 minutes in each solution). The
ppper strips were dried in an oven for 10 minutes at 120C and then
placed in an ammonia saturated chamber for 30 minutes to develop the
blue color. The density of each protein band was measured with the
Beckman Analytrol densitometer. The percentage of each band and the
ratio of albumin to globulin were calculated by counting the number of
squares within the Analytrol tracing for each protein band on the re¬
cording chart.
Determination of blood urea nitrogen (BUN).
The blood urea nitrogen was determined according to the method
used by Natelson and Scott (1951) with two modifications. Five percent
trichloroacetic acid was used to precipitate the proteins instead of
dilute tungstic acid. This modification was made because trichloro¬
acetic acid precipitated the proteins more rapidly. The reagent used
for the BUN determinations was the acid-diacetyl reagent. The other
modification was that the volume of sample and reagent used was increased
proportionately over that used by Natelson and Scott (1951). The reason
for this was to increase the total volume in order to use 6.0 ml
cuvettes routinely used in our laboratory.
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The acid mixture was prepared by adding 30 ml of concentrated
phosphoric acid (85%) to 40 ml of distilled water followed by 10 ml of
concentrated sulfuric acid (specific gravity 1.8). Redistilled acid-
diacetyl reagent was added to the acid mixture in the proportion of 1
to 500. The reagent was then allowed to stand at room temperature for
two days before it was stored in the refrigerator.
Fifty microliters of serum was precipitated with 0.1 ml of 5%
trichloroacetic acid, centrifuged for 10 minutes, and the supernatant
transferred to test tubes provided with stoppers. Five ml of the acid-
diacetyl reagent was added to each test tube. For the blank, distilled
water was used in place of the deproteinized serum. The content of
each test tube was mixed, stoppered loosely, and placed in a boiling
water bath for 10 minutes. After heating, the tubes were transferred
to a cold water bath (25C) for two minutes. The optical density was
read without delay in the Spectronic-20 at a wave length of 480 nm.




For comparative purposes the results in most of the tests in this
investigation were separated into three categories: 1) the mean values
for the hypertensive animals, 2) the mean values for non-hypertensive
experimental rats, and 3) the mean values for the control rats.
It is assumed that the data compiled from the non-hypertensive
animals in the experimental groups will aid in the correlation of data
obtained from the hypertensive animals when compared with the controls.
Body weight.
Average periodic weights for each group are shown in Tables 1 and
2. The data in Figs. 1 and 2 show that the controls for 5-hydroxytrypta-
mine (5-HT) treated rats and salt-loaded rats at the end of the experi¬
ment, gained 56.1 gm and 40.8 gm more than the experimental rats,
respectively. The salt-loaded rats gained weight for about 25 days and
then maintained a relatively constant weight for 15 days. After the
45th day, there was a gradual but definite loss of weight. The 5-HT
treated rats showed a gradual increase in weight but less than the
controls.
Blood pressure.
Rats with blood pressures above 150 mm of Hg were considered to be
hypertensive (Tables 1 and 2). About 80% of the 5-HT treated rats and
75% of the salt-loaded rats became hypertensive during the experiment
but all of the rats did not develop high blood pressure at the same
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Fig. 1. A graph showing the mean body weight in grams of 5-HT treated
Sprague-Dawley rats during the development of high blood
pressure.
Experimental rats
O O Control rats
12
Days
Fig. 2. A graph showing the mean body weight in grams of salt-loaded
Sprague-Dawley rats during the development of high blood
pressure.
# # Experimental rats
O O Control rats
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Table 1. A table showing changes in body weight and blood pressure in 5-hydroxytryptamine treated
Sprague-Dawley rats.
Days
5 10 20 30 38 45
Body weight EXP. 167.3 185.1 234.3 256.6 283.0 297.3
(gm) CON. 184.5 213.0 272.7 302.2 337.0 365.3
Blood NHE. 119±2.9 117±4.2 127±5.2 120±6.3 133±4.0 139a
pressure HYP. - - 153±2.9 149^ - 154±4.2
(mm Hg) CON. 122±2.9 120±2.9 111±6.7 115±1.4 - 117±1.8
EXP. - Experimental rats (N = 12)
NHE. - Non-hypertensive experimental rats
HYP. - Hypertensive rats
CON. - Control rats (N = 7)
a - Standard deviation was not done because only one rat was available.
Table 2. A table showing changes in body weight and blood pressure in salt-loaded Sprague-Dawley
rats.
Days
5 10 18 25 33 40 45 50
Body weight EXP. 217.0 215.0 241.1 273.2 266.0 273.7 292.5 281.0
(gm) CON. 236.2 249.6 261.0 275.4 - 311.3 326.3 341.3
Blood EXP. 129±2.7 131±11.0 121± 4.9 119+2.5 127± 4.7 123+8.9 134±7.1 122®
pressure HYP. 153^ 167± 7.3 176±14.0 - 169+13.0 162^ 159® 151± 0.7
(mm Hg) CON. 111±5.5 110± 5.9 107± 3.2 104±2.9 — 109±8.0 109±4.7 115±10.0
EXP. - Experimental rats (N = 9)
NHE. - Non-hypertensive experimental rats
HYP. - Hypertensive rats
CON. - Control rats (N = 5)
a - Standard deviation was not done because only one rat was available.
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rate (Figs. 3 and 4). Most of the salt-loaded rats became hypertensive
between the 10th and 18th day with a mean blood pressure of 177 mm of
Hg. The 5-HT treated rats became hypertensive between the 20th and the
30th day with a mean blood pressure of 153 mm of Hg, Fluctuation in
the blood pressure of the 5-HT treated rats was more pronounced than in
the salt-loaded rats.
Fluid intake and urine output.
Fluid intake and urine output were significantly higher in the
salt-loaded and 5-HT treated rats than in the controls. Table 3 and
Fig. 5 show that the maximum intake of fluid and urine output occurred
on the 38th day in the 5-HT experimental and control rats; however, on
the same day, body weight data show that the 5-HT treated rats weighed
16% less than the controls. Table 4 and Fig. 6 include similar data on
salt-loaded rats. On the 40th day, water intake was 8.8 ml/hour in the
experimental animals and 2.6 ml/hour in the controls.
Hematocrit.
All experimental rats with blood pressures below 150 mm of Hg, did
not show any significant difference in the hematocrit level from those
of the controls (Tables 3 and 4). However, most of the hypertensive
rats in the salt-loaded group had greater hematocrit values (46%-51%)
than the 5-HT treated rats (40%-44%) and the controls in both groups.
Serimi Chemistry
Blood urea nitrogen.
The data in Table 5 and Fig. 7 show that the 5-HT treated rats
and their controls had similar BUN levels. On the first day of the
Fig. 3. A graph showing the development of blood pressure over a
period of 45 days in 5-HT treated rats.
®® Hypertensive experimental rats






Fig. 4. A graph showing the development of blood pressure over a period
of 50 days in salt-loaded Sprague-Dawley rats.
®® Hypertensive experimental rats
O O Non-hypertensive rats
O O Normaltensive rats
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Table 3. A table showing the changes in water intake, urine output,
and hematocrit during the development of high blood pressure
in 5-hydroxytryptamine (5-HT) treated Sprague-Dawley rats.
Days
5 10 20 30 38
Water intake EXP. 3.9 5.9 3.4 4.0 14.1
(ml/rat/hr) CON. 2.7 4.6 3.3 5.2 8.3
Urine output EXP. 2.5 5.3 2.4 2.4 10.9
(ml/rat/hr) CON. 1.4 2.9 1.7 3.0 4.8
NHE. 40.2 40.6 40.1 43.8 -
Hematocrit HYP. - - 43.9 38.8 -
CON. 40.1 43.9 41.2 46.6 -
EXP. - Experimental rats (N = 12)
NHE. - Non-hypertensive experimental rats
HYP. - Hypertensive rats






















Fig. 5. A graph showing the fluid intake and urine output in 5-HT
treated Sprague-Dawley rats during the development of high
blood pressure.
Experimental rats (fliiid intake)
Control rats (fluid intake)
Experimental rats (urine output)
Control rats (urine output)A—^
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Table 4. A table showing the changes in water intake, urine output,
and hematocrit during the development of high blood pressure
in salt-loaded Sprague-Dawley rats.
Days
5 10 18 25 33 40 45
Water intake EXP. 7.6 - 7.0 6.0 - 8.8 -
(ml/rat/hr) CON. 2.3 - 2.3 2.7 - 2.6 -
Urine output EXP. 5.7 - 7.1 4.0 8.1 -
(ml/rat/hr) CON. 0.6 - 0.6 0.7 - 0.7 -
NHE. 49.3 45.5 44.2 44.0 47.2 50.2 41.4
Hematocrit HYP. 49.1 48.9 45.5 - 50.5 49.1 46.0
CON. 44.0 46.1 42.3 46.3 - 47.1 49.7
EXP. - Experimental rats (N = 9)
NHE. - Non-hypertensive experimental rats
HYP. - Hypertensive rats
CON. - Control rats (N = 5)
Fig. 6 A graph showing the fluid intake and urine output in salt-
loaded Sprague-Dawley rats during the development of high
blood pressure.
# # Experimental rats (fluid intake)
O O Control rats (fluid intake)
A A Experimental rats (urine output)









Table 5. A table showing changes in total protein and blood urea nitrogen (BUN) during the develop¬
ment of high blood pressure in 5-hydroxytryptamine treated Sprague-Dawley rats.
Days
5 10 20 30 38 45
Blood urea NHE. 28.8±3.0 37.0±5.0 46.1±4.0 34.3±2.0 38.7±4.0 28.0±9.0
nitrogen HYP. - - 39.3±7.0 32.0^ - 28.0®
(mg%) CON. 27.4±2.0 44.3±5.0 46.0+4.0 36.7±2.0 - 34.0±4.0
Total NHE. 7.3±0.3 5.6±0.5 7.8±0.2 5.6+0.5 5.9±0.4 5.8®
protein HYP. - - 8.0+1.3 8.1® - 6.0±0.3
(gm%) CON. 7.5±0.3 6.0±0.6 6.2±1.0 7.5±0.7 6.7±0.6 6.5±0.3
NHE. - Non-hypertensive experimental rats (N = 12)
HYP. - Hypertensive rats
CON. - Control rats (N = 7)
a - Standard deviation was not done because only one rat was available.
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Fig. 7. A graph showing the concentration of the blood urea nitrogen
in milligrams percent during the developmental period of high
blood pressure in 5-HT treated Sprague-Dawley rats.
^ -A Hypertensive experimental rats
# # Non-hypertensive experimental rats
o—o Normaltensive rats
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experiment, the value was 34.4 mg% in the 5-HT treated group and 31.0
mg% in the controls. Similarly, on the 45th day, 28.0 mg% was found in
the 5-HT treated group and 34.0 mg% in the controls. The greatest BUN
level was 46 mg% for both non-hypertensive experimental (NHE) and con¬
trol rats on the 20th day; however, the value was 15% less for hyper¬
tensive experimental rats (HYP).
The results of the salt-loading experiment (Table 6 and Fig. 8)
show that the control rats had a higher BUN level than the experimental
groups. For example, on the 40th day, the BUN content was 66.5 mg%
(controls) and 37.0 mg% in the NHE and 34.0 mg% in the HYP groups,
respectively. Figure 8 shows that the BUN level for the controls
ranged from 47.2 mg% on the 5th day to 66.5 mg% on the 40th day. In
the experimental rats (NHE and HYP) the BUN decreased gradually from
46.6 mg% on the 5th day to 26.5 mg% on the 33rd day. A gradual in¬
crease was noted that was almost the same value as the controls after
the 33rd day in both experimental groups. Between the 45th and 50th
day, all of the rats (both salt-loaded and controls) showed an increase
in the BUN level.
Total protein.
Table 5 and Fig. 9 show a decrease in total protein from 7.3 gm%
to 5.6 gm% and from 7.5 gm% to 6.0 gm% between the 5th and 10th day for
5-HT treated and control rats, respectively. The total protein level
increased to 7.8 gm% for NHE and 8.0 gm% for HYP 5-HT treated rats on
the 20th day. The value for NHE 5-HT treated rats dropped to 5.6 gm%
and this value was maintained throughout the experiment while the value
for the HYP 5-HT treated rats maintained a value of 8.1 gm% until the
Table 6. A table showing changes in total protein and blood urea nitrogen (BUN) during the develop¬
ment of high blood pressure in salt-loaded Sprague-Dawley rats.
Days
5 10 18 25 33 40 45 50
Blood urea NHE. 42±3.0 41±6.2 58±3.7 39±3.1 27± 5.8 37±6.0 42± 6.3 46®
nitrogen HYP. 46^ 38±3.4 37+15.6 - 25±12.7 34® - 57112.7
(mg%) CON. 47±2.3 52±3.3 58± 6.1 67±7.9 - 67±4.2 43±12.6 511 2.5
Total NHE. 6.4±0.4 7.6±0.4 7.7±0.5 7.4±0.4 7.7±0.4 8.4±0.2 7.810.4 6.0®
protein HYP. 6.9^ 6.3±0.5 6.5® - 7.7±0.9 6.9® - 8.510.8
(gni%) CON. 6.4±1.0 8.0±0.2 8.1±0.3 8.1±0.3 — 8.2±0.4 9.310.6 8.610.4
NHE. - Non-hypertensive experimental rats
HYP. - Hypertensive rats
CON. - Control rats
a - Standard deviation was not done because only one rat was available.
BloodUreaNitrogen(mg7o)
Fig. 8. A graph showing the concentration of the blood urea nitrogen
in milligrams percent during the developmental period of high
blood pressure in salt-loaded Sprague-Dawley rats.
A A Hypertensive experimental rats
# # Non-h3rpertensive rats







Fig. 9. A graph showing the concentration of the total serum protein
in grams percent during the developmental period of high
blood pressure in 5-HT treated rats.
A A Hypertensive experimental rats
# • Non-hypertensive rats
0-—o Normaltensive rats
Fig. 10. A graph showing the concentration of the total protein in
grams percent during the developmental period of high blood
pressure in salt-loaded Sprague-Dawley rats.
A Hypertensive experimental rats





30th day, then it decreased to 6.0 gin% on the last day of the experi¬
ment (45th day). Similarly, the value for the controls Increased to
7.5 gm% on the 30th day and then decreased to 6.5 gm% on the 45th day
thereby showing a 0.7 gm% and 0.5 gm% difference over the NHE and the
HYP 5-HT treated rats, respectively.
In the salt-loading experiment, the control rats had significantly
higher protein values than the hypertensive and the non-hypertensive
salt-loaded rats (Table 6 and Fig. 10). The pattern shown by Fig. 10
indicates a decrease in the total protein as the rats developed hyper¬
tension. For example, the controls maintained a constant protein level
between the 10th and the 25th days.
The total protein level in the NHE 5-HT treated rats ranged from
7.6 gm% to 7.4 gm% while in the HYP rats the range was 6.3 to 6.5 mg%,
respectively.
Protein fractions.
Table 7 and Fig. 11 show that the 5-HT treated rats showed no
variations in the albumin and globulin ratios between the 5th and 30th
day. During this period, a ratio of 0.9 was maintained. The HYP 5-HT
treated rats and their controls had a decrease in the albumin and glo¬
bulin ration on the 30th day. After the 30th day, both the 5-HT
treated and the controls showed rapid increases in the albumin and glo¬
bulin ratio to the end of the experiment (0.4 to 1.1 for 5-HT treated
rats and 0.7 to 1.3 for the controls).
In the case of the salt-loaded rats and their controls (Table 8
and Fig. 12), constant fluctuations occurred from the beginning of the
experiment to the end in the albumin and globulin ratio. There were
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Table 7. A table showing the albumin/globulin ratio in 5-HT treated
Sprague-Dawley rats.
Days
5 10 20 30 40 45
NHE. 0.9 0.9 0.9 0.9 0.7 1.3
HYP. - - 0.9 0.7 - 0.9
CON. 0.9 0.8 0.9 0.4 1.0 1.1




5 10 18 25 33 40 45 50
NHE. 0.7 0.8 0.5 0.6 0.9 0.4 0.6 0.9
HYP. 0.6 0.6 0.6 - 1.0 0.4 0.5
CON. 0.7 0.9 0.7 0.7 0.9 0.5 0.5 0.6
NHE. - Non-hypertensive experimental rats
HYP. - Hypertensive experimental rats





Fig. 11. A graph showing the albumin/globulin ratio during the




O O Normaltensive rats
Fig. 12. A graph showing the albumin/globulin ratio during the


























constant overlapping of values between the controls and the experimental
rats. The ratio for the controls ranged from 0.5 to 0.9 while in the
experimental rats it was between 0.7 to 0.9.
CHAPTER V
DISCUSSION
From the results of the present investigation, it appears that
Sprague-Dawley rats are able to cope with the physiological problems
caused by the development of high blood pressure (hypertension). Such
problems include; 1) changes in the osmotic balance or ionic balance
of the serimi and the surrounding tissues as a result of a large intake
of fluid, 2) dilution of the blood and an increase in blood volume,
3) increase in rate of heart beat as a result of the increased blood
voltjme, 4) mechanical stretching of cells in the blood vessels, and
5) changes in metabolic activity.
Fluid intake in the experimental rats salt-loaded and 5-hydroxy-
tryptamine (5-HT) was significant. Similar conditions have been re¬
ported by Douglas (1964), and 0*Steen et al. (1967). It is important to
stress that the large consumption of a hypertonic solution such as 1.5%
saline caused water to be drawn from the tissues into the blood stream.
There may be an increase in blood volume according to Douglas' (1964)
report based on data presented by other investigators such as Griffith
and Ingle (1940) who found a concomitant increase in blood volume when
arterial blood pressure was elevated in rats due to salt-loading and
partial nephrectomy. If an increase in blood volume is not controlled,
the animals may die as a result of overelevation of extracellular
fluid volume within a short time. At the same time, the problem of de¬
hydration of the body tissues due to hypertonic conditions of blood will
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be unavoidable. Houck (1954), concluded from his experiment that a
hydrated state is necessary for the development of hypertension but is
not necessary for the maintenance of hypertension. In the present in¬
vestigation, the fluid intake for the salt-loading experiment was 1.5
times greater than that of the controls on the 5th day and by the 38th
day, this value increased to a multiple of 1.7 times. Our results
suggest that the salt-loaded rats solved this problem of blood dilu¬
tion by increasing the urine output. In the 5-HT treated rats for
example, the urine putput was 1.7 times more than that of the controls
on the 5th day and 2.3 times more on the 38th day. Also on the 38th
day, the experimental rats lost 77% of their fluid intake through
urine formation as compared with 58% lost by the controls. These
values were higher in the salt-loaded animals because the saline con¬
centration used was higher (1.5%) thereby causing an increased fluid
intake. The fluid consumption in the experimental group was 3.6 times
greater than that of the controls on the 5th day and was 3.4 times
greater on the 40th day. Therefore, as a consequence, an increased
urine output was necessary. For example, the urine output was 9.8 times
that of the controls on the 5th day and 11.1 times higher on the 40th
day. Davidsohn and Wells (1966) reported a similar condition of gradual
increase in urine volume, a reversal of the day-night ratio, and a
diminishing capacity to concentrate urine during the early phases of
hypertensive disease in man. This appears to be the major method used
by animals during the development of hypertension to maintain proper
blood volume. Our results support this finding since all of the rats
with blood pressures below 150 mm of Hg did not show any significant
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difference In their hematocrit values when compared with the controls.
The hypertensive salt-loaded rats had greater hematocrit values than the
non-hypertensive (NHE) experimental rats. This finding is similar to
that reported by Hall ^ (1972) in hypertensive Long-Evans rats
which had significantly higher hematocrit values than non-hypertensive
Long-Evans rats given distilled water and 1% saline. The high hemato¬
crit values in the hypertensive rats can be explained by the fact that
the rate of glomerular filtration increases with increased blood
pressure and hence, there is the possibility that the blood becomes con¬
centrated .
In the 5-HT treated animals, the drug controls the intrarenal
blood flow through its action on the contractile structures of the
afferent vascular bed of the glomerulus and thereby decreases glomerular
blood flow, and filtration (0*Steen et al., 1967). Under these con¬
ditions the hematocrit values were similar to that of the controls
despite the increase in blood pressure. The present investigation shows
that the 5-HT treated rats had a higher fluid Intake than the controls.
For example, the fluid intake of the 5-HT treated rats ranged from 41.2
ml/rat to 169.0 ml/rat on the 45th day while in the controls, the fluid
Intake ranged from 31.8 ml/rat to 99.3 ml/rat. Similarly, their urine
output was proportional to their fluid intake. The additional volume
of fluid intake by the 5-HT treated rats was balanced by the increased
volume of urine over that of the controls, therefore both groups of
rats had similar hematocrit values. It should be borne in mind that the
salt-loaded animals lost 92% of the fluid intake through urine as com¬
pared with 77% in the case of the 5-HT treated rats. Much of the blood
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chemistry depends on the blood volume and hence more time has been
allotted to the discussion of blood voltime.
Another important aspect of the regulatory mechanism of animals
during the development of hypertension is their ability to regulate the
blood urea nitrogen (BUN) and total protein in order to maintain the
necessary osmotic balance without seriously affecting the biochemical
activities of the system. For example, in the salt-loaded group, the
experimental rats had a lower level of BUN as well as the total protein.
Since the blood proteins maintain proper water balance between the
blood stream and the tissue fluid, reduction of blood protein causes
less water to be drawn from the tissues (Pace et al., 1967). This is
an attempt to reduce the blood volume close to normal conditions after
the consumption of large amounts of saline.
The permeability of the capillary membranes to protein and the
excretion of urinary protein during the development of hypertension
(Esterly and Glagov, 1963; Wiener et al., 1969; Huttner ^ al., 1972; Gore
^ , 1972) lowers the osmotic pressure in the blood stream and
allows more water to be drawn out of the blood stream. The rate of
glomerular filtration also increases. The net result is the reduction
of blood volume and subsequently a lower blood pressure.
It is interesting to note that in the case of 5-HT rats in which
the fluid intake was proportional to the urine output in both the ex¬
perimental and control rats, the blood chemistry (BUN and total pro¬
tein) was also the same. Similar results were reported by Hall ^ al.
(1972) for deoxycorticosterone treated Sprague-Dawley rats and their
controls for BUN and total protein. These findings suggest that the
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5-HT rats were able to regulate and excrete excess salt and water to
bring the concentration of the serum components to normal.
The protein fractions of both the experimental and control rats
were essentially the same. This suggests that the adjustment made
during the development of hypertension involves changes in total pro¬
tein rather than changes in protein fractions for specific functions.
CHAPTER VI
SUMMARY
From the present investigation, it is concluded that:
1. The control rats in both experiments gained more weight than the
experimental rats. The rate of increase in weight was greater in
controls of 5-HT experiments than any other groups.
2. Water intake was significantly higher in both experimental groups
than their controls. The water intake increased with days in
experimental rats.
3. Urine output was proportional to the water Intake and the volume
increased with the increasing blood pressure.
4. Intake of large amounts of sodiiim chloride enhanced the development
of high blood pressure (hypertension) particularly when there was
kidney damage (as in 5-HT rats). The rate of development of hyper¬
tension was more rapid in salt-loaded rats than in 5-HT rats.
5. There was no significant difference between the BUN of 5-HT rats and
their controls while the BUN of salt-loaded rats decreased with the
development of hypertension.
6. Unlike the 5-HT rats, the salt-loaded rats had significantly higher
total protein levels than their controls.
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7. There was no significant change in the protein fractions during the
early stages of development of hypertension.
8. The survival of about 80-90% of the experimental rats in both ex¬
periments shows their ability to regulate serum components whereby
they can cope with the stress in which they were put.
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